Materials and methods
Animal material included 181 dairy Jersey cows kept in the Wielkopolska region of Poland. The cows came from 17 sires. All studied animals were kept in identical environmental conditions. The cows were fed a standard diet and were kept on pasture during spring and summer time. The animals were milked twice daily using a mechanical milking machine. The herd's milk yield was evaluated by the A4 method, consistent with the recommendations of the International Committee for Animal Recording.
The DNA used in the analysis was isolated from the peripheral blood from the jugular vein and collected into vacuum test tubes containing K 3 -EDTA as an anticoagulant. The DNA isolation was performed using the Master Pure™ kit (Epicentre®) according to the manufacturer's instructions.
Genotype analyses were performed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and artificial constructed restriction sites methods. PCR primers were designed mainly based on sequences available in GenBank (FAM13A1 -AJ510139, OPN -AJ871176, LAP3 -AY744570, HCAP-G -AY744569). In the case of FAM13A1 (exon 12) and OPN (intron 4), genotypes were identified according to Cohen et al. (11) and Leonard et al. (14) , respectively. Table 1 shows the used primer sequences, restriction enzymes, PCR product sizes, and size of fragments after restriction endonuclease digestion.
Obtained genotyping results were statistically analyzed. PopGene version 1.32 (15) was used for estimation of allele frequencies and Hardy-Weinberg equilibrium of genotype frequencies was calculated. Linkage disequilibrium (LD) measures (r 2 ) were obtained using Haploview software (http://www.broadinstitute.org). LD blocks were determined using the Gabriel criteria (16) .
Further statistical analysis of associations between the SNPs and milk performance traits [i.e. daily milk yield (kg), fat content (%), and protein content (%)] was performed according to the general linear model (GLM) procedure using Statistica Software version 7.1. (17) . The mixed multiple-factor model of the GLM platform was used. The sire effect was not included in the statistical model because preliminary statistical analysis showed that the sire effect was not significant.
The following linear model was applied: Differences between average values of the traits were analyzed using Duncan's multiple range test.
Results
The frequencies of genotypes and alleles obtained for each of the examined SNPs are presented in Table 2 . In most analyzed loci, the occurrence of all 3 possible genotypes determined by the presence of 2 alleles was found. Only in the case of OPN G/T and LAP3 T/C was the occurrence of only 2 out of the 3 possible genotypes observed. A very low frequency of the recessive allele was found for the LAP3 T/C and OPN T/C polymorphisms. This resulted in the presence of only 2 out of the 3 possible genotypes in the case of LAP3 T/C. On the other hand, the occurrence of all 3 possible genotypes was shown in the case of OPN T/C; The mean values of the analyzed milk performance traits with regard to the individual genotypes of examined genes are presented in Table 3 . The genotypes for which there were fewer than 20 samples for a given polymorphic variant were not included in the table or the statistical analysis. No significant association between the SNPs in the examined genes and the analyzed traits was found. However, it is worth mentioning that some associations between different genotypes of the examined SNPs and the mean values of the analyzed milk-performance traits were observed.
Discussion
QTLs located in the proximity of the middle of chromosome 6 (BTA6), affecting the milk protein content, were discovered for the first time by Georges et al. (18) in a population of Holstein cattle in the United States. The same QTLs were also discovered in other populations of Holstein cattle as well as in breeds such as Finnish Ayrshire (19) and Norwegian cattle (20) . Ron et al. (13) showed that the region containing the analyzed QTLs was located approximately 4 cM from the BM143 microsatellite, whereas Olsen et al. (20) , using physical mapping, combined linkage and LD mapping and determined the location of these QTLs. They were located within a 420-kb region lying between the ABCG2 and LAP3 genes (12) .
In this study, no correlation was found between SNPs and analyzed milk-production traits, but some trends were observed, which could be verified in future research with a greater number of animals. In the case of daily milk, the yield tended to achieve higher values than the average for the herd. For next analyzed trait, the fat content of milk, a negative association was observed; that is, a lower value was achieved than the value of the average trait for most of the analyzed SNPs. In the case of the other analyzed milkproduction trait, the protein content of milk, a higher value for this trait was noted for most of the analyzed SNPs than the average. Association between SNPs in the genes located in the analyzed BTA6 fragment and performance traits of cattle has also been studied by various other authors. Although no significant differences in the mean values of the analyzed traits between the individuals with different genotypes of the analyzed loci were found in the presented study, other authors showed an effect of polymorphic variants on milkperformance traits. In the study by Cohen et al. (11) , the negative effect of allele C on milk yield and the positive effects of this allele on the remaining examined traits were shown for FAM13A1 C/A; however, only the effect of this allele on milk protein content was significant. In the same study, it was shown for the FAM13A1 G/A SNP that allele A also negatively affects milk yield, whereas it positively influences milk fat and protein content. In the case of the SNP in HCAP-G A/C, no association between this polymorphism and the examined milk performance traits was found (12) . In the study by Cohen-Zinder et al. (4) , a significant effect of allele C of LAP3 T/C on milk fat and protein yield was shown. However, in the same study a significant negative influence of allele T on the milk yield was found for the OPN G/T SNP. In the case of OPN T/C polymorphism, it was found that allele C positively affected milk fat and protein content and negatively influenced milk yield; however, this effect was significant in one study (14) and nonsignificant in another (21) .
Three of the analyzed SNPs are located in exons: FAM13A1 C/A in exon 12, OPN G/T in exon 7, and LAP3 T/C in exon 12. In the case of FAM13A1, it was shown that the C/A exchange of nucleotides leads to a nonsynonymous amino acid substitution (Ile/Leu). Both amino acids are nonpolar. Therefore, this exchange does not result in considerable changes in the protein conformation (11) . In the case of LAP3 and the T/C nucleotide exchange, the Ala synonymous amino acid substitution occurs. Therefore, this SNP is not visible in the posttranslational structure of the LAP3 polypeptide (GenBank CAI44744). On the other hand, in the case of OPN G/T, the SNP is indeed located in the exon, but in its noncoding part (3'UTR), which is not translated (9) . Despite the above-mentioned SNPs being located in exons, they do not significantly affect the structure of their product. Therefore, all the analyzed SNPs, both mapped to introns and exons, can be regarded as performance trait markers during future research. It can be concluded that the present study does not show statistically significant differences between individual genotypes of Jersey cattle in respect to the aforementioned traits. However, due to this analysis, it was possible to show some tendencies towards reaching lower or higher values of a given trait by an individual of a given genotype. For this reason, it seems justified to conduct further research on a larger group of animals or different breeds of cattle in order to verify the results of the present study. 
